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Abstract 
A portable device is reported to detect and identify in real time explosive vapors usually used by the terrorists. This 
device is composed of the multi-sensors chamber with three technologies of explosive vapors sensors: Quartz Crystal 
Microbalance (QCM), Surface Acoustic Wave (SAW) and fluorescence. The multi-sensors chamber was designed 
and optimized to guaranty an efficient fluidic repartition on each sensor to assure the suitable responses of sensors. A 
laptop controls the device. An algorithm has been specifically developed to detect and identify gas nature. On 33 
experimentations with various explosives or interferents, the preliminaries results have shown the detection and the 
identification in about 1 min. 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
The detection of explosives is inevitable to guaranty the safety on public place due to terrorist attacks. 
It exits numerous methods and device to detect the explosives [1]. The detection of vapors is a well-
known method to detect explosives, from those some devices called “Electronic nose” are made of several 
sensors, generally array of the same sensor, with pattern recognition algorithms [2]. The approach of using 
several different technologies on the same device brings different and complementary information which 
increases the rate of true detection, and allows the identification of gas nature. The advantages of 
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electronic noses are a low cost and portable compared to others systems as Ion Mobility Spectrometry 
(IMS). 
A portable electronic nose named T-REX (Technology for the Recognition of Explosives) is presented 
here to detect and identify explosive gases. Our device is composed of three existing technologies [3, 4, 
5], 2 gravimetric sensors and fluorescence sensors. These technologies were chosen due to theirs 
complementarities and due to the fact they were mature and they had already proven theirs capacities to 
detect explosives vapors efficiently. 
2. Instrumentation 
2.1. Sensors 
The T-REX device has 14 sensors: 8 Surface Acoustic Waves (SAW) sensors, 4 fluorescent sensors 
and 2 Quartz Crystal Microbalance (QCM) sensors. The saw module is composed of an array of 8 saw 
sensors, it was provided by the K.I.T of Karlsruhe, some modifications were done to be fully integrated to 
our multi-sensors chamber. The sizes of each saw sensor are 6 mm length and 4 mm wide. The saw runs 
at a frequency of 433 MHz. Each saw sensor could be coated with various organic materials. The quartz 
crystal microbalance sensors have two faces coated with the same compounds, they run at 9 MHz. The 
SAW sensors and QCM sensors are gravimetric sensors, theirs oscillations frequencies are measured and 
decreased due to the adsorption of gas. The fluorescent sensors use a microscope glass slide coated with a 
fluorescent materiel. Four Leds excite the fluorescent film. A photomultiplier measures the optical signal 
on the edge of the glass slide. When the target gas approaches the fluorescent material the optical signal 
decreases due to the chemical interaction between the gas and the solid. 
2.2. Multi-sensors chamber 
A fluidic chamber (Fig. 1) has been designed to integrate all sensors with Solidworks, and an add-on 
of it for the fluidic simulation to optimize the flow. The optimization of the flowing in the multi-sensors 
chamber has allowed obtaining the best performances for all different sensors by reducing the dead zone 
and recirculating flow and providing adequate flowing conditions for each sensor. The weight of the 
chamber is about 500 g. The chamber materiel is stainless steel. 
Fig. 1. Photography of the multi-sensors chamber. This chamber is composed of 14 sensors: 8 SAW, 2 QCM and 4 fluorescent 
sensors. SAW sensors are on the back, 2 QCM are on the top and the fluorescent sensors are in front of. 
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2.3. T-REX design 
The device, T-REX, is composed of this multi-sensors chamber which is integrated in the 
polycarbonate box (Fig. 2). The sizes of the box are 300 mm length, 200 mm wide and 180 mm height 
with a weight of 6 kg. The device has a pump and a flow rate control. An electronic regulation maintains 
the flow rate constant so as to limit the fluctuation of the sensors responses due to unstable flow rate. The 
flow rate is limited to 400 sccm. All the electronic boards and power source are inside. A laptop controls 
the device with a Labview IHM by USB port. All the parameters are entered with the Labview interface. 
Maximum frequencies are respectively 0.1 Hz, 1 Hz and 10 Hz for respectively fluorescent sensors, QCM 
sensors and SAW sensors. An algorithm processed all the data in real time. It was chosen to integrate the 
algorithm as a library executed by Labview interface so to be easily modified and updated in according to 
the new targets to deal with in the future without changing the Labview interface. This algorithm was 
developed to detect and identify specifics explosives gases. 
(a) (b)
Fig. 2. (a) Photography of a portable electronic nose, T-REX. The sizes are 300 mm x 200 mm x 180 mm. The weight is about 6 kg. 
This device is connected to a laptop not represented here; (b) Photography of a T-REX with the cover open. The first floor is 
composed of multi-sensors chamber with photomultiplier. The gas is pumped and entered directly in the multi-sensors chamber. The 
electronic boards pump and flow rate controller are below the first floor. 
3. Experimental results 
The first results have been realized with several analytes, two explosives families (nitroaromatics and 
nitric esters). Three interfering compounds have also been tested: Ethanol, Dichloromethane (DCM) and 
Methyl ethyl ketone (MEK) to test the robustness of the algorithm. 
The device has been tested in laboratory conditions. The tests were done several times in the same 
experimental conditions. The sensors were exposed to ambient air during several minutes to obtain a 
stable baseline. Then a bubbler, filled with liquid or solid analyte, is connected to the device. The bubbler 
was always filled with the same quantity of the same analyte. All the data were processed during the gas 
exposition in real time with an algorithm. The concentrations were near the saturation vapor pressure of 
gases. No mixing of analytes was tested yet. 33 experimentations were done; the successful detections 
and identifications were in about 1 min. 
Photomultiplier Multi-sensors 
chamber
Inlet Outlet 
393 R. Rousier et al. /  Procedia Engineering  47 ( 2012 )  390 – 393 
The responses obtained for EGDN (Ethylene glycol dinitrate) are shown in Fig. 3 with a flow rate of 
330 sccm . 
Fig. 3. This figure represents the Labview IHM during the acquisition in the case of EGDN for all sensors. At the beginning the 
device pumped ambient air, then a bubbler filled with EGDN was connected to the device, few minutes later the bubbler was 
disconnected. All the sensors detected the EGDN. During the acquisition the dedicated algorithm is running so as to detect and 
identify the gas.
4. Conclusion 
A portable electronic nose, T-REX, has been fabricated. It is composed of 14 sensors, 2 Quartz Crystal 
microbalance sensors, 8 surface acoustic waves sensors and 4 fluorescent sensors. These different 
technologies were successfully integrated on a multi-sensors chamber. The device with the sizes of 300 
mm length, 200 mm wide and 180 height and a weight of 6 kg is fully portable. The algorithm dedicated 
to this electronic nose has been able to detect and identify on 33 experimentations with a great probability 
of true detection. The successful detection and identification were in about 1 min. 
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